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Flowering Phenology along the UWM Field Station
Boardwalk in the Cedarburg Bog
Kate Redmond, James A. Reinartz, and Scott Critchley
University of Wisconsin-Milwaukee Field Station
3095 Blue Goose Road, Saukville, Wisconsin 53080
Abstract. Flowering phenology of 254 plant species was stud-
ied over eight growing seasons between 1984 and 1993. Most
of the phonological observations were made along the Field
Station's boardwalk in the Cedarburg Bog. We report on the
flowering phenology of 189 species for which there was suffi-
cient data for an accurate description. Correlations of flower-
ing phenology with weather data are also summarized.
Introduction
Phenology, or the study of the timing of periodic biological phe-
nomena, is an ancient but quiet science. As a science, phenology is
closely related to ecology, physiology, meteorology, and genetics. Agri-
culture, forestry, and game management are among the applied sciences
that depend heavily on phenological knowledge (Stearns 1969). Pheno-
logical studies that relate variation in the timing of natural events to
spatial or temporal variations in climate or local variations in microcli-
mate, are of particular interest (Cantlon 1953, Jackson 1966, Mowbray
and Costing 1968). Descriptive studies which correlate timing of bio-
logical phenomena with year to year variations in climate or with varia-
tion in microclimate offer some insight into the factors which signal and
control events in nature.
A flowering phenology data base is valuable both to the educa-
tional and research programs of the Field Station. The Field Station
frequently receives requests for phenological information pertaining to
the timing of flowering of individual plant species, or of plant communi-
ties. Researchers studying plant reproduction or ecology want to know
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when their species of interest is likely to be in bloom at the Station.
Instructors ask when the peak blooming period is for certain plant com-
munities. Teachers using the Field Station for workshops on specific
groups of plants (for example Composites) ask when the largest number
of members of that group are likely to be in bloom.
Without a flowering phenology data base specific for the site, we
often must rely on the blooming period information contained in the
available plant manuals. Since the manuals are written for a wide geo-
graphic area and usually estimate the full range of the blooming period,
they tend to be very imprecise when applied to our site. Remembering
blooming periods for a species without a formal data base is very diffi-
cult, and summary of the peak blooming time for a community would
take a great deal of effort.
This paper presents data on the timing of flowering over eight
growing seasons, of 189 selected plant species which grow along the
Field Station's boardwalk in the Cedarburg Bog. The boardwalk is the
Station's most used teaching facility and represents the main research
access to much of the wetland. The boardwalk extends through six of the
ten vegetation types found in the Bog and over upland forested habitat on
the Bog islands. This list therefore represents a broad sample of the flora
of the wetland, although the selected species concentrate primarily on
showy species and exclude grasses and sedges. The data are presented in
two ways so that plants likely to be blooming during any given period, or
the blooming period of any of the 189 species can be easily retrieved.
Year to year variation in the blooming period is correlated with variation
in weather data for the area.
Methods
The study area was the UWM Field Station boardwalk in the
Cedarburg Bog (Ozaukee Co., Wisconsin, T.I IN, R.21E, Sec. 29 and
30). The boardwalk traverses sections of the conifer swamp, shrub carr,
sedge meadow, swamp hardwoods, and string bog vegetation types in
addition to upland islands within the wetland complex. For a complete
description of these vegetation types and the Cedarburg Bog wetland see
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Reinartz (1985 and 1986). For a list of the vascular plant species of the
Bog and the Field Station area, and the habitats in which the species are
found see Reinartz (1990).
The names of plants in flower along the boardwalk were re-
corded periodically throughout the growing season of eight out of the ten
years between 1984 and 1993. Some upland plants growing along the
boardwalk trail were included on the list. Observations were made every
seven to ten days, on average, during the growing season. All phenology
observations were recorded by Kate Redmond. Plants were selected for
observation based on familiarity and interest to the observer. Over this
period, flowering observations were recorded on 254 species. Sixty-five
species were omitted from this report because there were too few obser-
vations to generate a reliable idea of the species' blooming period in the
Bog, or because identification of the species was questionable or ambigu-
ous. Nomenclature follows Voss (1972) for monocots and Voss (1985)
for dicots which are included in his manuals. Nomenclature for species
not included in Voss (1972; 1985) follows Fernald (1970).
For most individual species, there were insufficient data to deter-
mine the effects of weather on annual variation in blooming period. For
analysis of the effects of weather conditions on the mean blooming time
of the flora, we categorized the species into groups based on the one
month period during which they began to bloom. We calculated the
mean first blooming date for each species based on observations from
each year in which it was included in the study. For this analysis some
year by species, or year by period combinations had to be excluded if an
artifact of the data collection threatened to bias the results. For example:
1) Certain species were excluded from the data set of certain years when
for that year the first recorded observation of the species was well after
the beginning of its blooming time. 2) One-month periods were removed
from the data for some years if the first observation during that year fell
during that period. For example, in 1986 the first observation visit was
during May. Inclusion of 1986 in the May blooming time analysis would
be likely to generate an artificially late blooming date for those species
which may have begun blooming before the first visit. We only used six
of the eight seasons for correlation of blooming dates and weather condi-
tions because there were insufficient data for the other two seasons.
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To correlate the first bloom date in a season with the mean
temperatures before or during the blooming period, we calculated the
deviation of the first blooming date of a species in that season from the
mean first blooming date of the species. The mean first blooming date of
each species calculated over all years of the study was subtracted from
the first observed blooming date of every season. These deviations from
the average first bloom date were then correlated with average tempera-
tures.
Weather records from the Milwaukee General Mitchell Field
weather station (NOAA, 1984-1993) (49 km from the site) were used to
correlate first blooming dates with weather conditions. We calculated
monthly averages of temperature, precipitation and growing-degree-days
at 10°C for each year of record. Growing-degree-days at 10° C is the
total number of days during the period during which the temperature
exceeded 10°C.
Although some data were excluded from the analysis and only a
selected set of species are presented here, all of the original phenological
observations are maintained in a data base at the Field Station. The Field
Station invites and encourages contributions to this phenology data base.
Results and Discussion
Figure 1 presents the blooming period of 189 species arranged in
order of mean first blooming date over the eight years of study. Figure 2
shows the blooming period of the species arranged alphabetically. Scien-
tific and common names of the species are given in Table 1.
Mean spring temperatures varied considerably among the years
of study. For example the mean temperature for the period from March
to May varied from 6.3°C in 1989 to 10.3'C in 1991. While a range of
4°C may seem small, this difference in means over a three month period
in spring represents a large difference in the growth rate potential of the
plants.
The initiation of blooming was, on average, later for spring bloom-
ing plants in years with colder mean spring temperatures (Figure 3, A and
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B). March through May mean temperature explained 28% of the varia-
tion in first bloom date of plants which normally began to bloom in May,
and 40% of variation in first bloom date of June blooming plants. Plants
blooming later in the season were not affected significantly by mean
temperature. The squared correlation coefficient of deviations in July
blooming dates with March to May mean temperature was only r2 =
0.031. The correlations of July blooming with June mean temperature (r2
= 0.012) and April to June mean temperature (r2 = 0.029).
Neither growing-degree-days at 10°C, nor precipitation corre-
lated significantly with deviations in first blooming dates for plants in any
of the periods.
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Figure 1. Blooming dates of species arranged by order of first observed
blooming date. Lines connect first and last observed blooming dates.
Thick bars connect second and second last observed blooming dates.
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Figure 2. Blooming dates of species arranged alphabetically. Lines
connect first and last observed blooming dates. Thick bars connect sec-
ond and second last observed blooming dates.
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Figure 3. The effects of mean spring (March through May) temperatures
in six years on deviations from mean first blooming dates. Lines are
regression lines drawn through the points. A) Plants with a mean first
blooming date in May. B) Plants with a mean first blooming date in
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Table 1. 189 selected species for which phenological data is reported.
SPECIES COMMON NAME FAMILY
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Achillea millefolium Yarrow Asteraceae
Actaea rubra Red baneberry Ranunculaceae
Agrimonia gryposepala Agrimony Rosaceae
Alisma plantago-aquatica Water plantain Alismataceae
Amelanchier arbor ea Juneberry Rosaceae
Amphicarpaea bracteata Hog peanut Fabaceae
Andromeda glaucophylla Bog rosemary Ericaceae
Anemone cylindrica Thimbleweed Ranunculaceae
Anemone quinquefolia Wood anemone Ranunculaceae
Aquilegia canadensis Columbine Ranunculaceae
Arabis laevigata Rock cress Brassicaceae
Aralia nudicaulis Wild sarsaparilla Araliaceae
Arisaema triphyllum Jack in the Pulpit Araceae
Aronia prunifolia Chokeberry Rosaceae
Asclepias exaltata Poke milkweed Asclepiadaceae
Asclepias incarnata Swamp milkweed Asclepiadaceae
Asclepias syriaca Common milkweed Asclepiadaceae
Aster ericoides Heath aster Asteraceae
Aster junciformis Rush aster Asteraceae
Aster lateriflorus Calico aster Asteraceae
Aster macrophyllus Large-leaved aster Asteraceae
Aster puniceus Purple-stemmed aster Asteraceae
Barbarea vulgaris Winter cress Brassicaceae
Betulapumila Bog birch Betulaceae
Bidens aristosa Tickseed sunflower Asteraceae
Bidens cernua Nodding bur marigold Asteraceae
Calla palustris Calla lily Araceae
Calopogon tuberosus Grass pink Orchidaceae
Caltha palustris Marsh marigold Ranunculaceae
Campanula aparinoides Bedstraw bellflower Campanulaceae
Cardamine pratensis Cuckooflower Brassicaceae
Caulophyllum thalictroides Blue cohosh Berberidaceae
Cerastium fontanum Mouse-eared chickweed Caryophyllaceae
Chamaedaphne calyculata Leatherleaf Ericaceae
Chelone glabra Turtlehead Scrophularia
Chrysanthemum leucanthemum Ox eye daisy Asteraceae
Cicuta bulbifera Bulb-bearing water hemlock Apiaceae
Cicuta maculata Water hemlock Apiaceae
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